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Tuesday, March 8, 2011 397aand their modulation upon adding carbohydrate osmolytes were assessed. Fi-
nally, we discuss the effect of these solutes on the conformational landscape,
the way they interact with water and effect solution characteristics, and hydro-
gen bond network restructuring upon adding sugar osmolytes.
2144-Pos Board B130
A Mutant of Atlantic Salmon Fast Muscle Tropomyosin
Korrina R. Fudge, David H. Heeley.
Atlantic salmon fast skeletal muscle alpha-tropomyosin is less conformation-
ally stable than the rabbit counterpart. The two alpha-tropomyosins share a total
of twenty substitutions. Every core (‘‘a’’ and ‘‘d’’) amino acid is conserved with
one exception, residue-179 (‘‘d’’) Ala (rabbit) to Thr (salmon) which coincides
with a region, that in the case of the mammalian protein, is known to be unsta-
ble. The effect of this isomorphism has been investigated using far-UV circular
dichroism and limited proteolysis. Heat-induced unfolding (1 to 2 mg/mL pro-
tein; 5-65 degrees C; Buffer, 0.1M salt þ 1mM dithiothreitol, pH 7) of wild
type salmon tropomyosin results in two cooperative transitions having Tms
of ~38 (main) and ~25 degrees C. The minor transition was less evident in
the case of tropomyosins expressed in BL21 and isolated without exposure
to elevated temperature or organic solvent. The unfolding profiles of recombi-
nant tropomyosins (temperature ramp, 30 or 60 degrees C per hour; light path,
0.1mm) are dominated by a cooperative transition at ~36 (non-mutated) and
~41 degrees C (single site mutant, Ala-179). The mutant also displays increased
resistance to digestion by chymotrypsin which initially cleaves tropomyosin at
Leu-169. Thus, the presence of an hydroxyl-containing side-chain at position
179 is concluded to contribute to the reduced conformational stability of Atlan-
tic salmon tropomyosin.
2145-Pos Board B131
The Effect of Protein Stability on Interactions of Apomyoglobin Forms
with Phospholipid Membranes
Vitaly A. Balobanov, Nelly B. Ilyina, Natalia S. Katina, Ivan A. Kashparov,
Valentina E. Bychkova.
The protein structure can be strongly influenced by phospholipid membranes.
As it follows from our papers, apomyoglobin structure undergoes a transition
from the native to some intermediate state upon interaction with small nega-
tively charged phospholipid vesicles acting as a moderately denaturing agent.
In this work, interaction of apomyoglobin and its mutant forms with artificial
membranes is studied by tryptophan fluorescence and CD in the far UV-region.
It is shown that a negatively charged phospholipid membrane can structure the
unfolded protein into the same intermediate state. The nature of this phenom-
enon consists in selective stabilization of the intermediate state structure. The
rate of interactions between apomyoglobin mutant forms and phospholipid
membranes depends mainly on the protein molecule stability, as well as on
the charge of the membrane surface and the phospholipid vesicles concentra-
tion. This rate increases with decreasing protein stability. The importance of
the obtained results for the folding of membrane proteins and the choice of
the pathway for target delivery of protein drugs are discussed. This work was
supported partly by the Howard Hughes Medical Institute Award 55005607
to A.V. Finkelstein, by the RAS Program ‘‘Molecular and Cellular Biology’’,
by Federal Agency for Science and Innovations 02.740.11.0295, and Program
of Scientific Schools 2791.2008.4.
2146-Pos Board B132
An Energetic Representation of Protein Architecture that is Independent
of Primary and Secondary Structure
James O. Wrabl, Jason Vertrees, Vincent J. Hilser.
Protein fold classification often assumes that similarity in primary, secondary,
or tertiary structure signifies a common evolutionary origin. However, when
similarity is not obvious, it is sometimes difficult to conclude that particular
proteins are completely unrelated. Clearly, a set of organizing principles that
is independent of traditional classification could be valuable in linking different
structural motifs and identifying common ancestry from seemingly disparate
folds. Here, a four-dimensional ensemble-based energetic space spanned by
a diverse set of proteins was defined and its characteristics were contrasted
with those of Cartesian coordinate space. Eigenvector decomposition of this en-
ergetic space revealed the dominant physical processes contributing to the more
or less stable regions of a protein. Unexpectedly, those processes were identical
for proteins with different secondary structure content and were also identical
among different amino acid types. The implications of these results are two-
fold. First, it indicates that excited conformational states comprising the protein
native state ensemble, largely invisible upon inspection of the high-resolution
structure, are the major determinant of the energetic space. Second, it suggests
that folds dissimilar in sequence or structure could nonetheless be energetically
similar if their respective excited conformational states are considered, one ex-
ample of which was observed in the N-terminal region of the Arc repressorswitch mutant. Taken together, these results provide a surface area-based
framework for understanding folds in energetic terms, a framework that may
eventually yield a means of identifying common ancestry among structurally
dissimilar proteins.
2147-Pos Board B133
Effects of Ionic Salts in Aqueous Environments on the Folding Dynamics of
the 21-30 Fragment of the Amyloid Beta-Protein
Micholas D. Smith, Luis Cruz.
The amyloid b-protein (Ab) has been implicated in the pathogenesis of Alz-
heimer’s disease. Although little is known about the initial deleterious misfold-
ing of the full-length Ab, in vitro experiments have shown that a 21 through 30
fragment of Ab, the Ab(21-30), may be the folding nucleus of the full-length
protein. Our previous all-atom molecular dynamics work shed light on the be-
havior of the Ab(21-30) in bulk water. Here, we explore the effects on the fold-
ing dynamics of the Ab(21-30) of dissolved ionic salts (NaCl, CaCl2, and KCl)
that are common to the cellular environment. Using microsecond-long all-atom
molecular dynamics we find that previously found extended beta secondary
structures are suppressed by KCl, promoted by CaCl2, and slightly promoted
by NaCl. Measurements of distances, radial distributions, and contacts of
ions surrounding the Ab(21-30) are also analyzed. Our results suggest that elec-
trostatic interactions between the ions and residues play a less significant role
than interactions between solvent and residues due to structure ordering of sol-
vent molecules by local ions.
2148-Pos Board B134
Molecular Basis for the Solvation and Reconstructive Denaturation of
Proteins by Detergents
John C. Holyoake, Gil Prive´, Re´gis Pome`s.
Detergents are widely used for the biochemical and structural study of proteins.
Non-ionic and zwitterionic detergents are used as membrane mimetics, where
they solvate the hydrophobic regions of integral membrane proteins. In con-
trast, ionic detergents such as anionic sodium dodecyl sulfate (SDS) and cat-
ionic lauryl trimethylammonium chloride (LTAC) are strong protein
denaturants that unfold both soluble and membrane proteins. Not only does
the SDS-unfolded state have high a-helix content, but SDS also induces a-helix
formation irrespective of the intrinsic native secondary structure, a process
known as ‘‘reconstructive denaturation.’’ Although this latter phenomenon un-
derpins the ubiquitous technique SDS-PAGE, the mechanism of SDS denatur-
ation and the molecular nature of the SDS denatured state are not known. We
use a combined biophysical and computational approach to elucidate the mo-
lecular basis of protein denaturation by ionic detergents, with a special focus
on the mechanism of reconstructive denaturation by SDS.
Specifically, biophysical techniques, including CD and ITC, are used to study
the interaction of a set of detergents with model systems that build in complex-
ity from model peptides to full proteins. In the first case, peptide sequence de-
sign is used to explore the specific features determining interactions with ionic
detergents, while in the latter, chemical modification of residue side chains is
used to explore the determinants of detergent interactions in the complex back-
ground of a biological protein sequence. In parallel with the biophysical stud-
ies, molecular dynamics simulations of the same systems are used to provide
atomic resolution detail of the results from the biophysical experiments, and
to determine the modes of detergent micelle-protein interaction. Together,
these results suggest a consistent mechanism for the reconstructive denatur-
ation phenomenon, for sequence based specificity of ionic detergent interac-
tions, and ultimately, for SDS’s universal protein denaturing action.
2149-Pos Board B135
Investigating Domain-Swapped Proteins by 19F NMR
Lin Liu, In-Ja Byeon, Ivet Bahar, Angela M. Gronenborn.
For most proteins under physiological conditions, the native functional state is
a single, stable structure. However, certain circumstances may push protein
folding into distinctly different structures. The most common alternative struc-
tures comprise different multimeric assemblies of identical polypeptide chains.
Among thousands of homo-oligomeric protein structures, there is a small, but
growing subset of ‘domain-swapped’ proteins1, in which the exchanged subunit
in the oligomer is identical to the one in the corresponding monomer. For do-
main-swapped structures, the only structural difference between the monomer
and the pseudo-monomeric unit in the multimer is the region that links the ex-
changing domains. Although no unifying molecular mechanism of domain
swapping has been elucidated, it appears that domain swapping is closely asso-
ciated with the unfolding/folding process of proteins. For some proteins, dis-
tinct intermediates may exist, while for others, complete un/folding may
occur. We are studying the dynamics and conformational behavior of specific
domain-swapped systems by 19F-NMR in order to gain a better mechanistic un-
derstanding of domain swapping.
398a Tuesday, March 8, 20111. Bennett MJ, Choe S, Eisenberg D. Refined structure of dimeric diphtheria
toxin at 2.0 A˚ resolution. Protein Sci. (1994) 3: 1444-1463.
2150-Pos Board B136
Temperature Dependence of the Mechanical Unfolding of Single Ubiquitin
Proteins
Ionel Popa, Sergi Garcia-Manyes, Julio M. Fernandez.
Single molecule atomic force microscopy (AFM) in force-clamp mode was
used to study the effect of temperature on the mechanical unfolding of polyu-
biquitin. Single protein chains were extended at a constant force and the unfold-
ing of individual domains was measured from the staircase increase of the
contour length. The unfolding rate constant at each pulling force and medium
temperature was obtained from the exponential fit to the ensemble averages of
the contour length traces. The unfolding rate at zero force and the distance to
transition state were then calculated from the force-dependent rate constants.
By varying the temperature in the 5-45 C range and the pulling force in the
70-210 pN interval, we find a significant thermal effect on unfolding. Fitting
the temperature dependant unfolding rate at zero force k to the Arrhenius equa-
tion k =A exp(-Ea/kT) yields an activation energy Ea of 875 5 kJ/mol and an
exponential pre-factor A ~ 2.3$1012 s1. The exponential pre-factor yields
a similar value to predictions of statistical mechanic calculations derived by
the transition state theory (TST), of (5.8-6.6)$1012 s1 for the considered tem-
peratures. This correlation suggests that the unfolding of proteins is not subject
to frictional effects and that all interactions with the solvent molecules favor the
unfolding, independent of the collision angle. This finding will prove important
in assessing the energy landscape of unfolding proteins as a transition state
process.
2151-Pos Board B137
Role of Internal Cavities as Determinants of Pressure Unfolding of
Proteins
Jose A. Caro, Julien Roche, Jean-Baptiste Rouget, Jamie Schlessman,
Angel E. Garcı´a, Catherine A. Royer, Bertrand Garcı´a-Moreno.
Pressure unfolds many proteins. In contrast to acid, heat and chemical denatur-
ation, which have been studied with many proteins and which are relatively
well understood, the molecular determinants of pressure unfolding of proteins
are not known. Volume is the conjugate variable of pressure; therefore, the
pressure unfolding of proteins is governed by differences in volume between
the native and the unfolded ensembles. What is less obvious is where the dif-
ferences in volume originate. Among the possibilities that have been consid-
ered are volume changes related to conformational fluctuations, volume
changes related to hydration, and volume changes related to the loss of cavities
present in the folded state. We have examined the role of cavities as determi-
nants of pressure unfolding systematically, using staphylococcal nuclease as
a model system. Ten different variants of a highly stable form of nuclease
were engineered with single site substitutions in the hydrophobic core, de-
signed to create cavities in the interior of the protein. High resolution crystal
structures of all proteins were obtained to examine the state of the cavities
and as starting structures for calculations of internal void volume with MD
and MC methods. Pressure unfolding monitored with Trp fluorescence was
used to measure volume changes upon unfolding. Our ultimate goal was to de-
termine if volume changes measured in the equilibrium thermodynamic exper-
iments correlated with the size of the cavities observed in the proteins. The
mapping of experimentally determined cavity persistence ratios, combined
with simulation data, provides new insight into the subtle interplay between lo-
cal dynamics, water penetration, and structural properties of cavities in deter-
mining volume changes upon unfolding. Overall, the data suggest that
internal cavities are one of the main determinants of the pressure-induced un-
folding of proteins.
2152-Pos Board B138
Differences in Structural Rigidity between Thermophilic Proteins and
their Mesophilic Homologues
Andrew Harter, Andrew J. Rader.
The source of increased stability in proteins from organisms that thrive in ex-
treme thermal environments is not well understood. These proteins from ther-
mophilic organisms can maintain biological functions at elevated temperatures
which would render ordinary (mesophilic) proteins denatured and dysfunc-
tional. Understanding the mechanisms responsible for thermostability has the
potential to impact how effectively we can engineer thermostable analogues
of proteins with specific functionalities.
If enzymes require some flexibility to function properly at their optimal temper-
atures, it follows that investigation of these structures at other non-native tem-
peratures should reveal a different degree of conformational flexibility. Under
such a corresponding states model, homologous mesophilic and thermophilic
enzymes should have comparable catalytic efficiencies at their respective opti-mal temperatures because optimal activity requires a fixed degree of conforma-
tional flexibility in the active site. For thermostable enzymes, this catalytically
required increase in flexibility only occurs at elevated temperatures upon the
loss of local interactions. By logical extension, the remarkable stability of ther-
mophilic enzymes is then a result of these enzymes having an increased confor-
mational rigidity. If enzyme thermostability is dependent upon the underlying
structure and its rigidity, then one ought to observe a correspondence between
these traits. We hypothesize that the increased stability observed in thermo-
philic proteins is the result of an increased structural stability. This study inves-
tigates the various relationships between thermostability and structural
stability. Our results indicate that a large degree of thermostability can be ac-
counted for in terms of rigidity.
2153-Pos Board B139
Domain Swapping Promoted by Charges in the Hydrophobic Core of
a Protein
Jamie L. Schlessman, Victor S. Khangulov, Daniel A. Karp,
Michael J. Harms, Michael S. Chimenti, Bertrand Garcia-Moreno E.
Charges are more stable in water than in the dehydrated and relatively hydro-
phobic interior of proteins; therefore, internal ionizable groups usually destabi-
lize the native state. They can also stabilize alternative conformational states, as
illustrated here by two different variants of staphylococcal nuclease with Arg
substitutions at the internal positions Thr-62 or Val-66. In contrast to internal
Lys, Glu and Asp residues in nuclease studied previously, which titrate with
highly perturbed pKa values, Arg-62 and Arg-66 titrate with normal pKa values.
Crystal structures of the T62R and V66R variants are indistinguishable from
that of the reference protein except at the N-terminal b strand (approximately
residues 1 - 19), which in the structures of T62R and V66R variants is ex-
changed between neighboring molecules. In this domain-swapped state the
charged moieties of Arg-62 and Arg-66 are fully exposed to water, which is
consistent with their unperturbed pKa values. These domain-swapped proteins
illustrate potential consequences of the high affinity of charges for water: a sin-
gle mutation that introduces an ionizable amino acid into the hydrophobic core
of a protein can result in extensive structural reorganization. These novel exam-
ples of domain swapping as the result of a point mutation suggest an efficient
mechanism for the evolution of multimeric proteins but with potentially dele-
terious consequences. They suggest that ionizable groups are eliminated from
internal hydrophobic environments in proteins when they are not essential for
structural or functional reasons, not only because they destabilize the native
state, but also because they can compromise the solubility of proteins, by sta-
bilizing aggregation-prone states.
2154-Pos Board B140
Malondialdehyde as a Fluorescent Probe for Misfolded Protein in Cells
Rongqiao He, Ya Jie Xu, Min Qiang, Chan Shuai Han.
Malondialdehyde that is produced under the oxidative stress and other patho-
logical conditions results in changes in the structure and function of protein.
We incubated BSA, fibrinogen and other proteins with malondialdehyde and
then measured the changes in structure and function by using fluorescence, Thi-
oflavin-T fluorescence, CD, electron microscopy, as well as atomic force mi-
croscopy. A new fluorescence (lex 410 nm; lem 470 nm) was formed with
quantum yield 0.49 in the reaction of protein with malondialdehyde. Fibrinogen
was inactivated in the coagulation up to 5-hour incubation with malondialdeh-
dye. We also observed amorphous protein aggregations in the presence of alon-
dialdehyde. Moreover, the malondialdehyde-modified BSA could be
transferred into neuroglia cells and a light blue fluorescence in cytoplasm could
be detected under fluorescence microscope. This suggests that modification by
malondialdehyde induces misfolding of protein and the formation of a new
fluorescent protein derivative, which can be employed as a probe for misfolded
protein in living cells.
2155-Pos Board B141
Volumetric Characterization of Interactions of Protein Groups with Gly-
cine Betaine
Yuen Lai Shek, Tigran V. Chalikian.
We report the volumetric properties of N-acetyl amino acid amides with
unionizable side chains and oligoglycines in binary solutions of water and
glycine betaine, a protective cosolvent. We analyze these data within the
framework of a statistical thermodynamic formalism to determine the asso-
ciation constants for the reaction in which glycine betaine binds to the pep-
tide backbone and amino acid side chains replacing four water molecules.
The association constants are linked to the free energy of transfer of func-
tional groups from water to a glycine betaine solution, Gtr. Transfer free en-
ergy, Gtr is the sum of a change in the free energy of cavity formation, GC,
and the differential free energy of solute-solvent interactions, GI, in a concen-
trated glycine betaine solution and water. We compare our results with
